ABSTRACT Considering the characteristics of data transmission between the channels, this paper studies the decentralized H ∞ filter for the large-scaled system with an integrated event-triggered strategy. The Takagi-Sugeno fuzzy model is used to approximate the large-scaled system. Different from the event-triggered control with the single condition, an event-triggered control with an integrated condition is presented to determine when the measurement output should be broadcast and transmitted to its filter and thus leading to a high efficiency of data transmissions. By applying a Lyapunov-Krasovskii functional and linear matrix inequalities, a method of the integrated event-triggered H ∞ filter performance analysis and designing is developed so that the overall filtering error system concerned to be asymptotically stable with a given disturbance attenuation level. A simulation is finally given to show these effective methods in this paper.
I. INTRODUCTION
Many of the physical systems are large-scale systems combined by several subsystems, such as the power networks, the urban traffic networks [1] and the digital communications networks [2] . Each subsystem interacts and interrelates through some certain ways. The control method of such class of large-scale systems has attracted many researchers due to its high reliability and low cost. However, owing to the limited bandwidth in the large-scaled system, the conventional control strategy may have some negative effects on the control performance. For example, it wastes limited bandwidth and computing power, even shortens the lifetime of the whole system. Therefore, how to improve transmission efficiency while keeping expected performance has attracted more and more research interests [3] .
In conventional control systems, data sampling and transmission are carried out at instant times which are triggered by clocks or timers [4] . For example, the measurements on each sensor node are sampled periodically and sent to the controller or filter at a fixed sampling period or interval.
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This type of control strategy is referred to as time-triggered control strategy and is motivated by the sampled data systems theory. Although the time-triggered control strategy is simple to implement and easy to analyse and design, it may be not a good choice for resource-constrained systems as the triggering of samples is independent with the state evolution of the system. The event-triggered solves these problems well and has been favorable for addressing analysis and synthesis of the control and filter problem in the literature [5] , [6] . In the event-triggered control strategy, data transmissions are performed only after specified events occur. In this sense, channel resources will only be occupied when ''needed'', and the number of data transmitted can be reduced. Using the above strategies the number of data can be reduced significantly compared with the conventional time-triggered strategy while ensuring the desired target.
Generally, the traditional event-triggered mechanism can be divided into two kinds of schemes: a predesignated state-independent specified event and a predesignated state-dependent specified event. When the system state fluctuates within the allowable range, using a state-independent threshold can reduce the communication burden. However, in addition, since the threshold is a state-independent scalar, it is often difficult to apply the above scheme directly to the stability analysis of the system. Using a predesignated state-dependent specified event-triggered schemes, the number of trigger events can be reduced. However, when large-scaled systems achieve consensus goals, there are still some unnecessary transmission of sampled data. Therefore, in order to reduce unnecessary over-occupation of channel bandwidth by data and reduce the burden of continuous monitoring of hardware devices in pre-specified state-independent specific events, an integrated event triggering control strategy is proposed, in which two integration conditions only depend on discrete measurement output. All the above observations stimulated this study.
It is well-known that the large-scaled system is a strong coupling, non-linear system [7] . In the large-scaled system, subsystems connect to each other and transmit the information for each other. These subsystems have their own control inputs, measurement outputs as well as states. The term 'fuzzy' means it can deal with the concepts which can't be accurate expressed as 'true' or 'false' but rather as 'partially true'. So, the fuzzy logic is better to describe nonlinear systems [8] . In the fuzzy model, T-S fuzzy model as an universal approximator for nonlinear systems has many studies [9] . Zhang et al. [10] investigated the non-fragile H ∞ filter for T-S fuzzy power systems. Reference [11] was concerned with the fault estimation (FE) problem for a class of interconnected nonlinear systems described by Takagi-Sugeno fuzzy models. Wang et al. [12] combined adaptive control and the approximation property of large-scaled systems with T-S fuzzy model. Wang et al. [13] concerned with the problem of optimization for discrete-time T-S fuzzy systems under an event-triggered strategy. How to optimize the event-triggered strategy motivate this paper.
H ∞ filter, which attracted much attention in the past decades [14] . Reference [15] is a good tool for estimating the system states. As we all know that Kalman filter method can only be used to the systems with the external noise which requirements stochastic processes with known statistical properties. In practice, the ideal conditions may not always hold, which limit Kalman filter applied to the practical system [16] . However, H ∞ filter does not make any assumption about noise characteristics, only requires that the disturbance is energy limited and the energy gain from the disturbance to the estimation error is bounded by a certain level. The theoretical results on H ∞ filter could be found in the following references. Zhang et al. [17] designed H ∞ filter for the switching system. The problem of event-triggered H ∞ filter for networked Markovian jump system was studied in [18] . Reference [19] concerned with the non-fragile distributed H ∞ filter problem.
Motivated by the above reasons, this paper concerns the large-scaled system. The main contributions of this paper are summarized as follows: 1) We first propose an integrated event-triggered control strategy with nonlinear dynamics for the large-scaled system. Whether the current data of each subsystem should be transmitted to its filter is simultaneously determined by two threshold condition. Note that the integrated event-triggered strategy is more relaxed since stability requirements are less stringent in an attempt to reduce the transmitted number of sampled data.
2) The T-S fuzzy model has been proposed to cope with the integrated event-triggered H ∞ filter. Based on the Lyapunov-Krasovskii functional, a new sufficient condition condition is obtained so that the filtering error system is asymptotically stable and achieves a prescribed filtering performance. A sufficient condition for the integrated event-triggered H ∞ filter is established by using linear matrix inequalities (LMIs).
II. PROBLEM FORMULATION
In this section, we consider a nonlinear large-scaled system based on T-S fuzzy model [20] which is presented as follows:
where x ∈ R n x is the state vector, z ∈ R n z is the signal to be estimated, y ∈ R n y is the measurement output vector, w ∈ R n w is the process disturbance. A i , B i , C i , D i and H i are constant known matrices, i = 1, 2, . . . , r, where the scalar r is the number of IF-THEN rules. The premise variables and the fuzzy sets are denoted as x g (k) and F gi , respectively, where j = 1, 2, . . . , g. The model of dynamic system is inferred as follows:
where
Consequently, we present the decentralized fuzzy filter S fi with undetermined system matrices.
where x f ∈ R n x f is the state vector of the filter, z f ∈ R n z f is the estimation of z (k), y (t k ) is the input data received by the filter. A fi , B fi , C fi are the system matrices to be determined. Considering the following the integrated event-triggered strategy:
where Q = Q T > 0 and e (k) = y (k) − y (t k ). Now, we can rewritten the above event-triggered H ∞ filter S fi :
By defining a new state vector
we can obtain the filtering error system:
Considering Table 1 , it illustrates the integrated relationship in the strategy (4), which determines whether the sampled data is released over the limited communication channel. For the large-scaled system, there are the following three cases, where the sampled data is not necessary to be released:
Note that in the integrated transmission strategy (4), the non-transmitted conditions mentioned in (7) should be fully considered in analysis and design of the system under consideration.
A useful lemma is introduced as following Lemma 1: Given three matrices A ∈ R m×n , B ∈ R m×n and M ∈ R n×n , and two positive-definite matrices A ∈ R m×m and Q ∈ R n×n , such that
III. MAIN RESULTS

A. STABILITY AND INTEGRATED EVENT-TRIGGERED H ∞ PERFORMANCE ANALYSIS
In this section, we will present a sufficient condition for the integrated event-triggered H ∞ filter in the form of (5). Theorem 1 (Stability With H ∞ Performance): For a prescribed real number γ > 0, the filtering error system with (6) is asymptotically stable and satisfies the H ∞ performance index if there exist matrices P i > 0 (8), as shown at the top of the next page, where
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with H ∞ performance under zero initial conditions. First, we construct a Lyapunov function for the filtering error systems as:
Using Schur's complement and Lemma 1, we know that LMIs in (11) imply V (k) for all ξ i (k) = 0, and thus, it follows that the large-scaled filtering error system is asymptotically stable. Now, we present the event-triggered H ∞ disturbance attenuation performance.
Case I: Under the zero initial condition and by adding and subtracting e T (k) Qe (k) and y T (k) y (k) in the accumulate operation, one arrives at:
Thus, applying Lemma 1, we have
Using Schur's complement, one knows that LMIs in (11)
Similarly, in Case II and Case III ,one can obtain that
It implies that z (k) 2 < γ w (k) 2 for any nonzero w (k) ∈ l 2 [0, ∞). Hence, the filtering error system composed of J filter error subsystems as (6) is asymptotically stable and the event-triggered H ∞ disturbance attenuation performance in (8) is guaranteed for a prescribed γ . The proof is completed.
Remark 1: In our paper, the stability of the system is proved by Lyapunov-Krasovskii's second method. Its basic idea is to construct the Lyapunov-Krasovskii energy function to judge the stability of the system directly. That is to say, LyapunovKrasovskii's second method is to analyze the stability from the energetic standpoint (the equation (9) is constructed as a generalized energy function). Consider a function R n → R such that V (k) ≤ 0 for all values of k = 0, then the equilibrium is proven to be asymptotically stable.
B. H ∞ FILTER DESIGN
In this section, the integrated event-triggered H ∞ filter design problem for the discrete-time interconnected fuzzy system is addressed. Theorem 1 provides a sufficient condition for the H ∞ filter design, in which the matrix variables P i are coupled with filter parameter matrices.
Theorem 2: The event-triggered H ∞ filter design problem is solved if there exist matrices, A fij , B fij , and C fij , and positive constants εi1, εi2 and εi3, which satisfy (17) , as shown at the top of the next page, where 
Furthermore, the matrices of the event-triggered H ∞ filter are given by
IV. NUMERICAL EXAMPLE
In this section, an example presented to illustrate the application of the proposed filter design approach and its performance.
Considering an inverted pendulum system [21] consisting of three subsystems, the T-S fuzzy model of the system is as below
(20)
where In what follows, we design the integrated event-triggered filter under the given transmission strategy (3). Let Through Table 2 , it can be seen that under the same conditions, the transmit data by the integrated event-triggered scheme is less than that of the two traditional event-triggered schemes.
V. CONCLUSION
In the above part, the integrated event-triggered transmission strategy has been introduced for the large-scaled system. And the integrated event-triggered H ∞ filtering performance problem has been investigated. The integrated event-triggered means event-triggered control can determine by two transmission conditions. The advantage of the proposed strategy is to reduce the pressure of channel transmission and improve data communication efficiency. By applying a Lyapunov-Krasovskii functional and linear matrix inequalities(LMIs), a method of the integrated event-triggered H ∞ distributed filter design is developed for the filtering error system concerned to be asymptotically stable with a given disturbance attenuation level. A simulation is finally given to show the effective methods in this paper.
